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(54) WHOLE OPTICAL TYPE RE-SIGNAL CHANELIZER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable an RF signal to be optically 
channelized by spatially separating an RF signal modulated optical 
signal through an optical dispersion element and receiving the signal 
by a series of detectors disposed at an Interval. 
SOLUTION: A modulator 20 produces an optical spectrum to irradiate 
dispersion elements such as echelle diffraction grating for producing 
the spatial separation of optical frequency and mapping i.e., the RF 
side wave band on an optical carrier by angular dispersion. A series of 
detectors 24, 25 are disposed at a fixed distance from the echelle 
diffraction grating 22 to receive an optical signal having the amplitude 
proportional to the RF output from the dispersed optical signals. The 
arrangement of the detectors is used for improving the ratio of the 
signal to noise. The optical signal is stepped down to the common RF 
frequency by a heterodyne system so that a separated portion of an 
optical carrier subjected to RF modulation, i.e., a channel can use a detector optimized for a 
frequency. Thus, the modulated RF signal can be optically channeled on the optical carrier. 
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(57) [Siissj] 

IlI^fT^&^ O J: d ^:*^fi<j^titil« 2 2 tc 
J:»)> RFfi-^S-St^Wtr^-liSU^-ov -;^ 
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1 

^3?^54^ HH * PST -C gas ? tt;t^tB^E?iJ t «r^i- 
-5> i t «r#m t -r^Tt^stlf ^ ^ 7 -f -To 

m t -r * 2 tciamo^^^M-^^ ^ 7 -To 
#m t -r * B*3S 1 iwie® ^ ^ 9 •y'o 

[il«S5] MffiilP^^i^^giJi*- KD-^^'J^^- 
<i03t^S;{i-^f- ^ ^ 9 -f -If o 

fB5R<o^t^^«-^^ Y ^- 7 -y-'o 

> ^ Mt-t ^tzi^<D^9-^^ ^ ^ 7 -f -f iriJV>-c, 

^<r>m^J:i>m^KW'^^i^rzmt^^^y^)^(0-§^■^K 



2 

1- -5 r t t i- 4 *^S:<S#^ ^ * 9 -If , 

[fi*a 1 1 1 frf^3t^w^t5t7'/^M >^ v u * w-m 
mmm-^^i>^ t is^wi.tiri>m^m i o izt&m.<o^^ 

[»*«12) it€-f-±lc^l9$ttJtRF€-i-S:f-^ 

V ^ Mb-r "2) ?t * <D*{t-§- -v 7 -f -^f v» T . 

^^rf^3t^«J»#J■r'^^M >^ e> raPiS S: rarr BBS $ ix/c^t 

* 5 ^ -y-' o 
[0 0 0 u 

i^mff)&-ri>iim»m] :$:§§^tiRF€-^-f--\'^7'f 

Ic^WI-t 4 i »w J: "J •v'J •Y± JcgglS $ R 

FM-^S-5t^e«ii-^-\' >^;Kt:-r^;ti<>(D. rfx'^^' 
h ;w:S-«f i^ffiffl-r -a^t^^R F ^ ^ 7 -f icM-t * o 
[0 0 0 2] 

§ ;&ii^«i*i|iif±, -Kii^ostu X v^mmmfz •) 

t^^lBft^C u- ^^v'^ 7^ A »±, /h?gr ^ ir -jr A i;: 
*<7)IC, 9 4 GH z i:v^9ie5v^ig?gti5:=S-'(effl LTV»-i,o 

jt®;s<)isv^^itini3 J: ■(/■^\^-'mmmzm!Z-^^i>tzii(>. 

R F -> ;^ -r A R F M-^<03t^ •v >; S'© Sr ffl v» 4 

iRpW=^4,468,766 "f", 114.695,790 -^^ ^5,005.946 
•t, ^5,347,535 -^^ «g5.377,035 -^is J: 0^?|eafe5e5& 

mmw H 1059 -^-i-^^^art^-j-o 
40 (0 0 0 3] Tt^^-^'-v^-^'f -f f±> «f Lv^iisjgfSsscii 

(newer high frequency communication signal 
s) o;^'^^' h;i'^*fS-^f«r^Otc-ffiffl$*t^.o ^:«0J: 
^ =&*^^f^^^7'f -f ii> m^M-f-O'J T;i'5''r Ait 
SlJS-=ff^:^|B|^(0RFf-A':T«7^-<f i OJtSJWlKv^^i^ 
i|i4-«!!ai-'&ii:***0'bnTV»-5.o CI O J: ^ 'Srifc^^'^ 
•V*>7'f -rotJilTj^ *B4ff)=^4,460,250 •^i3J:ilF^4. 
695.795 ^i3XVllf:mm^§^m^m H 1059 ■^icga^^ 
tL-Cv^^o i<DJ: ^ ^:^i'*-7'f-<f«±, ib^a<J)AV^^^ 

50 ;Hfc-r**>*)^«l1-*<^l-i£ffl$tL2,o i«J:9*:3fe^ 



(3) 

3 

*gI#M=«4.448.494 SI4,644,267 ^5.005.94 
6 -f-x i^5. 105,380 SI5,327,142 -^i3 J:?/»5,363. 
221 -f-tC^^^tLTi/^io 
CO 0 0 4] 'ffeOBtftloa'(tv;^7-A-e»4, 

[0 0 0 51 

■V'iCit^fltKCf^ ■vv;T>;Hb-f -5. /wiixo^fc^^-?" ^ ^ 7 
5t ^ ^ ^ o R F ffl^ Sr «P ? -a: * 'J2«lli*4 V^^fe^ 
[0 0 0 6] 

mmi:m^-t itzibiO^WCi Il9*icv»x.tf, :*:|g?g 
l2l«f 4 ;t 14 V * TM^iS« 9 y fW^m 7 ^ >^ 

^ $ it;t R F S- W ^ > ^ ;i/ft;^ ;5, i6 CO R 

V^;i"ft=S:^fifi- -J., 3 - 4 GH z=Sr«'^Offlv>iSia4- 30 

10 0 0 7] 

»4, tRlxJf 1 0 0 GH z 3f Oig^S^fc-Sr toRF«-^<D 40 

J: •)»L<t4^^V^Mt-t--&-i::ei*-C§ 
4o RFe-^**3t^-v;-V±lc^|^$ix-i)i. Cioism 
^tijt^^^^' A^)RFfi-^«:«iai-4o 
-ftttf. RFM-^t43fe^e<)«U§&lCja#IEI^ (upconver 
t)$iX, iCD^if-^. RF{l-^»4. RFSiSLSSiJil/ffiilig 

$n*o 3t^ir'J-\'SiS[ia:»4, T OO^feSr^^h-^o 
^^S^RF^SiScT 1 , T2iJJ:tFT3»4, jt^YU'Y® so 
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[0 0 0 8] :*:|§ego*g^:ii$it»4. A*RF^i^«-* 
J^l (downconverting) •t^'£«ll^<> RF;^^i'h;KiO 

«-^S:*aRF®?S3StCill^^SIL. RF 

fi:ffii5<tUfffii|il<DM#«-. 7C<0RF€-t*-'b[Him^-fr-& 

w vi'S'«:*:Ui-*fc*lci4. Jfe^WlEpaS+tc^ 

A$ix^)M<^^«r*/Mci--&c03i*$f S Lv>o itvti, i&R 
F/5t:^fi«j'J v^tcov^-C. *^';-7m^-3t^ (« 

ai5rfflv^^i i: ICJ: t), ffijico 1 oof: -v > ^^MbTO 
RFmKig[?g(4, ^g|5^ffi-7-Y-;VK (local oscillat 
or field (ELO) ) i: 7 - K (Es) t<0« 
tcikWI-r^o i<OJSJ3g»4A*Sffiffl[3&tcJt«?S-r-&<7)-r, 

^i{ii-io «#*4*^a<)Min<^)¥:&ffitcjfc0a-r-5o-c. 
affle«j?i:'{><oi4, x-nm&<r)2mz\!cm-i-hw^%:m'm 

l4a«A¥-C§«rv»ttiiif'j>. vy/N-7i>^^T*^ 

J: 9 i:^fl^fe^2f-^l4. gE4a<0^2:i--^^Oig^pa (se 
cond order inter-modulation products) ifi'Si^bi^^ 

[0 0 0 9] RF:^^i7 h )\^m■^(^'f-^'^y^)\^itiff^J: 
m?-«fflLri5i?. ZfiizML. 0 4 {c^-r^2|IM5g 

(±, lll5iJJ:t;f|EI6«4, 'y'JiJW-mmWi'Sim^^fznm. 

feints, qz^f^S^'^f rf;?.'^^' 

J:»)«^L<»4, RFA*M-f-**. ^^'f KU-'if. m 
^®lRJK^I^S (electroabsorptive m-odulator) i 7t 
»4»t L< i4±ia<0J;7 tcv;//N--;/i>^^T#lt^<0 
RF3fe^^P^St^A*$tt-&o ^PS2 0J4. El 1 
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5 

^2 2 \zmm-ti>o n^mza*). ^^i^mw}m<o^m 

m) 2 4, 2 5**«^S^2 2:6^t,-5eK«IS:IB-CTSB 
e^nrv^-So 'J-T*:^tliSK^j2 4, 2 5 <0#^ffi 

F^-f-:6> f>fi:ffli3 J: tfSiffl<OW«75*|5I«-c § -6 J: a ic-r 

i>z[snfhix&o L*^L***f>, mm^mm^2 6ii. m 

<^1» (comb) i^x.i>o ^m.^tifzRFm-^l'-'f'O:^ 

^^;^^'^f u - ■'f <o#S15:S-r ^ t) -^^ ^ > :^ Ji'is i J/^^ 

fi, ;&^t±iSf--v>^Jl/:i6»|Bli:m^mmT-gBn°D (post d 
election electronics) Sr-ffifflfS & J: ^ IC. |s|i:36kr 

- hSism=t5i^-r'j>c iF\£-vmi&mi. m-^isx 

I^-^ iciS v> R F ^-g-^iSiS L v» ^ ^ V ^ ;v 
tztb. ^^y^)\'i\L^Mz^im^z^L<ti:i>i~o icp 

^l''C^&$tl.-i>'^-f D (heterodyne products) 

<O^M^— KJS^ (inphase component)^ J: C^itt^^ 
(quadrature component) 4- ill^i' 4ii:lci:l9ttffi$ 



6 

10 0 1 1] m2^^xfmziZ7f^-tumwm^z^m^i> 

(f, 1 5 'J > - h Jl' (mm) ^Tt 3 1 6 /t:«0«|**^JS it 
tl4Jilfi:-e«ffl;&tL.6 1 6 X 8-f >f-<0^&i^t±, 8 
0%<D*laiiff5s&^-e, (l.5:m5t+-v V-ViSiglci^L) 

4 4 4MH z<iD#-RttJ^'<^' h;V'^filt6«r^fiS;1-«>o 
SKv»(±, #$SclHlIl!»Tt&?-''<;^ (multiple diffraction p 
Sisses) Oil^mWMKm^S < i -r A 

;^l±> il?ij0 3o»#|&?-^;t^iciii), iEi*^tki±3 

[0 0 12] itl60*&i=-lC-=)V»T, 7.^<7 Y)V^WiA e 
/dAJ4, Tia^ (1) lcj:»)«$ft*o 
d /d A = n/ (dcos(»)) = 1.80 ^i^TV/Si' 
n y 

20 ii-c, d=*&?-«arai!S ($i'n» -OhZ>o iJgoT, 
IGHz (3fejSftiSJ:Wf0.008 •^-/p<- h^HillT) O-?^ 
■Y v^;i/Kfiiti> 1 4 T'f ^' n 9 vT v<o^^jS-f^-v >^ 
4o 1 0 5 a vco^^ffig^HPglw*^ 

trti, 3l6K=S-fitfii:A«-C§.S.o ^1 0 0 GH z>«.'<^' 
h 2. 2 5 'J - h ;KOSft,?^.ffiE?iJft $ ic^lfel-* 
0.991 -T^f ^'n9v'r><^^ia[^J-'fXtc|ESF*«oTv»*o 

30 if, BI7lc^1-3I51y<;^->>^rAS-^^LT, M,^iSElii 
0.7 h;i'S-3-C#Jo;t'll (-r*:*?*., 2 4cm) 

[0 0 1 31 114 lC;^-r^2*ifefl^®-CI±. 2S05t^ 
7 ;l/ ^' E?iJ icfgffl L -C , ^ > ^ -"l^fbSr 

K 3 3^ffifflLT, 3t^fi<)tc3tftT-5>RF7.'^i' 
<^tWJx.Jf 3 GH z comjgit^^'^omv^^iitii (prefil 
tering) S-^T^rdo f- Y >*;H^-> ^' *7J4. '(SJt;^^ 
';-;'^30x 32, 34, 36, 38, AOm^XfVr 
40 7 7'-Is]e?-4 4 , 4 6, 4 8, 5 O^O— a<Of--\r > 

ia^nr, ^ryj-'^n-Rit^'f 5 2, 54, 

5 6, 5 8i3 iiy'J'tl&l-i 1 /4i$ft«6 0, 6 2, 6 
4, 6 eoiliftS-^LTJ: 0 ^v»:9'»ftg<^SiJ^«t::'5: 
ho #7TyU -'^n-SM-?^ 5 2, 5 4, 5 
6, 5 8(4, 3 GH zOr^ ^^^^S^-S 1 , 3 3 

J*(4, 3a^07Tr'J -^o-i$$ltifhLrSI*iiJ:0' 

50 
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(0 0 141 «SBfSffilf»±. 'fi-f-w--f<of^^>^;Hk 

7- 1; _ ^ D - it«fiA^r-C 3 G H z U — 9* i: ie# ? 

tL-S,7j*. y^ yi^^^mfzi^tyt-yh^ix.. I F tf 

to 0 1 51 mu^m\t. vti y i^jfi.u-^'fizx <o 
^-■^fIlJ«^l^^i■7T^•J---^D-^-^f^c^|t>^^-^>„ l 

»±, ^•v:^7'f -fJi, T'T-J^^l'V VJLyxnv (Michel 
son echelon) Icffi^^jiS *t-5,S^I^^•fflv^^ i ttc J: O/h 

jig"i7 jc-/N±(c^gs;-c§-&o ^^-r-a^m-r^^-^iz 
izxio. is^-rTim-t^m^iz^c^mtfzumm 

V*;H-4*>*.^«lf7 0«-S^i-o m-*-K*7 

tL-&o mx.isi.ooo ^os^*'{)0 5 tfn^oii^^m 

ilJi* ^joccoj; ^ ;feT'^N--l';^»4. 2 0 OMH z <0:9-ftf 
^=£-*L*^o5-feV^>- V Ji^y ^-■'^±l,zM^-ti>o 
[0 0 161 mbiZTji-tXol'Z^ v>; *-^-;^<05t;^e<j 
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r0.01~250 nmO'^-V V^^WHH:!: ^)Ov'; 

(Silica-Based Integrated Optic Mach-Zehnder Multi 
/Demultiplexer Family with Channel Spacing of 0.01 
~250 nm) J (N. Takato, T Kominato, A. Sugita. K. 
Jinguji, H. Toba HXZ/Vl. KawachiS, IEEE Journal 
on Selected Areas in Communications.. Vol. 8> No. 

6 , ^1,120 -1,127 1990^8^) tC^^^ttTV^ 

IP, ^mm£WM^m.mm^xtrz<omzn^^K}&-( 

'X^IJU:^'^^ (flame hydrolysis) ii^y r ^ ^m^iZ 

^y^yyma. ^mizmm-ri^x rs";*^-;^* 

- h-mWi'^is X V^mWim^^T^sf (Sl l Ica-Based 
Single Mode Waveguides and Their Application to G 
uide-Wave Optical Interferometers) J (N. Takato, 
K. Jinguji, M. Yasu, H.Toba isXT/U. KawachiS^, Jo 
20 urnal of Lightwave Technology, Vol. 6, ^1,003 ~ 
^1,010 H> 1988=^) isXlf mm^M'y'):^^-'^- 
Kf--W^;l'^?ftW (Low-Loss High Silica Single Mo 
de Channel Waveguides) J (N. Takato, M.. YasuiS J: 
M. Kawachi^, Electron. Lett., Vol. 22. ^321 -32 

2 1986^) izji:<mm^tifzwt^<D'y')=i>iiimii 
tt?-fflv^T, itm6^nm&Tm^<7)Mmizm.^-c^^o 

fRIxtf, lli5ica5i-v';*¥®«iS«7 otc{±, 100 - 

1. 000 m&^±<r>mWLV'f- -VV^;!/ 74-84 $ tl 

30 Tv>;5>o m7n^xifm^<r>s&]-v. mdiziiemn^o 

^7&'S^^ry^J\^7 4-8 4*»^$tL-rv^.6o 
f^^v*;H4, *&«f-^r>^>;i'J: iJii^WtzSv* {-t^ 

7 4-8 A<r>3:^(r>mzX , ^UiSfBE?iJ8 6 lwli^9-ei<j 

0*f*&^-t»4^<t»), v'J*T®SiStlf7 OWffiffl 

SI±v^*>^:*$ijPfiib'5;v»o v U 7 0 li, ^ 

40 •?^A'>^;i/S5:»c:i--#^S-»»t7t») i^±.^^z,(r>\z^ 

10 0 171 «-^S-«lgc<oa^tc:9-f!ii--i>gij(^:&ft{±, 
1216 JC^-t^';l/;K^ ^'(^J: 9 

K-b;U7-f > - V v^tc^c^v^TV^-So K 
ta&ti-rny^^- h'^'r}£f--< iZX"). N (=N-C|lfet 

^^^tL^o 3 2m<oA :^<r-r-i >i^:^yv y X3 2 
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1.024 «<DS§g^#x*-C*>^^o ^^6^mi&mit^}^ 

mi^z.i>o Kn-^^'jgu— If, ^f, mm 

i)»L<f±, i'^i'^y h;^-/'J ry^'Ji, 2tclStcSffl-tS 

rCaAs/AlGaAs v;l'f-^- K«?Slf 
V Sr figffl 1- -& «f M 4 m N ^7 X tr - A ;^ 7" 
.y^' (Novel 1-to-N Way Integrated Optical BeamSpli lo 
Iters Using Symmetric Mode Mixing in GaAs/AlGaAs M 
ultimode Waveguides) J (J. M. Heatan, R. M. Jenki 
ns, D. R. Wright, J. T. Parker, J. C. H. Birbeck 
i5i.m. P. Hilton^, Appl. Phys. Lett., Vol. 61, 

No. 15 , ^1.754 -1.756 K, 1992:^) i5 i.Xf f^* 

SI (Waveguide Beam Splitters and Recombiners Based 
on Multiple Propagation Phenomenon)J (R. M. Jenk 

ins, R. W. J. DevereuxiJiLI^J. M. Heaton^, Optics 
Lett., Vol. 17, No. 14, ^991 -993 1992^) 20 

^b^cM^^^^"Cv^^ J: d ic, tf- A ^' t±, — 
l75^f>N (N = '^-v V^-'l'l^) CDe-Ay?.-7*'; •;' ^' 

iotC, 4 00«^^f-Y V^;V8 8, 9 0, 9 2, 9 4 

i^iri>o ^■f-^>^;V8 8, 9 0, 9 2, 9 4 ti^^ 
(^^^WigtiS® 9 6 , 9 8, 1 0 0, 1 0 2 tc5t^6<)tl 

j: 0 tc, ii?!feflp 1 0 0 (±, mmmi&f io2i*) m^m 30 

tcft< J: ^ lCJl^fiS;#*T,T(/»-& t|H|B$lC, ig?£^9 8 
t±®3^^&lfl 0 2 J:ij«<4*J:^lcjgfiS;$irTv^ 

«ts«9 6 - 1 0 2iimmmi^iMmir^o 

lO 0 1 81 m^n^<:7 j^-fi)^. ^ 7 

tLXi^m^ti^f' )^^y -y 9a>>»mzmmi 

^x.i>o itte,<0/N-9^-5' i: Lt, (•f'tto 
9 6- 1 0 2) jl®HOig^5-6<lB#Kjl® 

WW^S) isiU'^SKoJSgSHO^ai^i^ib'S.o IGH 
z <7)f^^ V:^-;i/-9-'fXi-^:*j*,:3-JPtgSr fco2 0 GH z « 

■fflcov-'TIi, ilil^ft$<O0.5 cmcOli^isJ: 
UfiiiE&<^SSSBW«O0.002 cmC0^!l8ISr<)O4 0«<oa®iiS 

ES (i-^t>*,^-v>^;v) i^'Z-mii^^j:^o mei^Tn-rx 

^' 8 5 tctti^Sn*-o|S|^ifcolfB*H^3-»J$^x-i)o 4 0 
•?--vv^;i'COT'>'^^;^tcov^Ti±, R Fg^iSSi^7t'g-f■ 
^i4 Oli<ogC^tc:a'«iJ$ti.?.o '(t-f■o#g|5^5■^±^';^**■;' 
^ 8 5 9 6- 1 0 2 
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tt-i,o mi!E<7)J: 9 t-, it?Kl=9 6- 1 0 2{±, f-^V^ 
;KDSSgB54*0.002 cm;t*tt^»S$*t, iS^SlSilf J: 
fi<JlcS< 5:oTV»*o i<DJ:dtwmPSr5-l?if 1. 
875 5 'J 7 vT><O^S^fi|-C, #Hii)ii-^:<»«i5-ti:?tL 
-5)0 Sv->#„arEgft(OU>X (^R|x.lJ, f =1.067 cm) 
m□^cBISLTe£fi$i^^ t, m^Jit-^ti, 'Rlx.tfO.OO 
2 cm<7)il^IgIPS-C?, 3fc«^tBSBE?lJ 9 6±lC-&^$n6o 
[0 0 191 ||l?S<Ov;^rAT»±, BtHSati/h^ir* 

*«Pll5$*T-^o J:')l¥L<»i, TfcKft^fi, ®*ff* n 

i:3i«^t,tfCv^-i)o [ilSf*&^-2 2 0'(tfc>')i::v'J*¥® 
^iS^TO (EI5) S/>:»±^;i''K-;' b;^-/'; 8 5 
(1116) fflv^T, Ili2i5it>*ll3 t-^-r i ^ 
+ ^7-f^fSr«^t'§ -5.0 ±fB«S:^;*^f>, 2|s:5l?§<oa>!r 

X^i>o fi&oT, #i^=W*<0$EHrttC:fev»-r, 2ts:^?^ 
imffiOffi^'SrSil^l 

[Sill 36^^';-\'i3J:U'RFfflOJSmS-S5i-*^WmS 

i: ^fc^Wigifl t c> B5« ^-t -C * ^ o 

[0 21 *§iggicJ:-&:^5t^^'^^^7'f^f«r^-t«ltl»& 

[12141 l2i2<:o^*^^C'f"-v^7'f-f<OSU<0|tM®SgS: 

[0 61 :^^miZ'mm-r^V-)i^7^'-y y fim 

[??-^oSi?^l 

2 0 ^l^tl 
2 2 ^f!cS« 

2 4, 2 5 ^^ffiS E?IJ 

3 0, 3 2, 3 4, 3 6, 3 8, 4 0, 4 2 liJfcVf- 

31, 33 3GHz>^7-;' 
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